Abstract-When we reach out for an object with our hand, we transform visual information about the object's position into muscle contractions that will bring our digits to that position. If we reach out with a tool the transformation is different, because the muscle contractions must bring the critical part of the tool to the object, rather than the digits. The difference between the motion of the hand and that of the tool can be quite large, as when moving a computer mouse across a table to bring a cursor to a position on a screen. We examined the responses to unpredictable visual perturbations during such movements. People responded about as quickly to changes in the position of the target when pointing with the mouse as when doing so with their hand. They also responded about as quickly when the cursor was displaced as when the target was displaced. We show that this is not because the visually perceived separation between target and cursor is transformed into a desired displacement of the hand. Our conclusion is that our actions are controlled by the judged positions of the end-effector and the target, even when the former is quite detached from the muscles and joints that are involved in the action.
INTRODUCTION
In order to reach out for an object with our hand, we must transform visual information about positions that are suitable for grasping the object into muscle contractions that will bring our digits to those positions. The way in which this transformation takes place is still not clear.
One suggestion is that visually perceived ego-centric positions are transformed into postures that will bring the digits to the appropriate positions (e.g. Rosenbaum et al., 1995) . In support of this view it has been shown that goal-directed movements are possible without visual or proprioceptive information about the arm (e.g. Blouin et al., 1993) and that errors in movement endpoints are distributed in a viewer-centred manner (e.g. McIntyre et al., 1997) and do not necessarily depend on the starting position (van den Dobbelsteen et al., 2001 ).
An alternative suggestion is that the separation between the digit and the target position is transformed into a desired displacement. That would explain why errors can accumulate across sequential arm movements (Bock and Arnold, 1993) . The separation could be determined on the basis of visual information alone, making use of the highest available spatial resolution (from sources such as binocular disparity), but it could also make use of the felt position of the hand (Graziano, 1999; Buneo et al., 2002) .
People probably use different kinds of information under different circumstances (Gentilucci et al., 1997; Smeets et al., 2002) , which seems to make it a hopeless task to try to nd a 'preferred' transformation. However, assuming that the 'preferred' transformation is the one that works fastest (Brenner and Smeets, 2001), we decided to speci cally look at the fast corrections that guide one's hand to a target.
In order to be able to visually guide one's hand to a target, the time that it takes to process the visual information must be much shorter than the movement time. How quickly vision can in uence a movement of the hand becomes evident when an object toward which we are moving our hand is suddenly displaced. In such cases we quickly and unconsciously correct the hand's path (Pisella et al., 2000) . We do not have to be able to see our hand or notice the displacement to make such corrections (Goodale et al., 1986) . Fast corrections to an invisible hand's path are even possible in the complete absence of proprioception, (Bard et al., 1999) . Thus such fast corrections can be based on converting visual information about the target's instantaneous egocentric position (Rossetti, 1998) into the muscle commands that will bring the hand to that position (Desmurget et al., 1999) .
If fast corrections are driven in this manner, it is not self-evident that they should also be possible when we are not moving our digits to the target, but the relevant part of a tool that we are holding in our hand. For the proposed mechanism to work when using tools, the relationship between the nal position of the hand and that of the tool would have to be considered. For some tools, such as a computer mouse, this relationship is very complicated, because the position of the hand that is moving the mouse is only very indirectly related to the position of the cursor. Yet we seem to be quite pro cient with this tool.
The fact that fast corrections can be made without vision of the hand (Pélis-son et al., 1986) means that they are possible without visual information about the separation between the hand and the target. However, this does not necessarily mean that they cannot be made on the basis of the visually perceived separation between the hand (or cursor) and the target if such information is more suitable under the prevailing conditions. Vision of the hand as it approaches the target is known to be critical for performing fast movements accurately (Carlton, 1981) . Perhaps our pro ciency with tools such as the computer mouse is therefore based on such information. In order to nd out we conducted a series of simple experiments in which we examined whether fast corrections are possible when moving a cursor to a target on a screen and, if so, what visual information people use to do so.
